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(57) Abstract: Prosthetic valve devices for implantation in body vessels, and methods of making same, are provided. The device 
has a main body (11) with first (12) and second (13) ends and defining a lumen (14), with the second end being inverted into the 
lumen. A valve is disposed at the second end (15). In multiple valve devices, valves are disposed at the first and second ends, and 
individually may be inverted into the lumen. The prosthetic valve devices may further include a support structure such as a stent 
(40). Methods of making a prosthetic valve device include providing a main body having first and second ends and defining a lumen, 
forming a valve at the second end, and inverting the second end into the lumen. Methods may further comprise forming multiple 
valves and may also include attaching a support structure. 
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PROSTHETIC VALVE DEVICES AND 
METHODS OF MAKING SUCH DEVICES 

FIELD OF THE INVENTION 

[0001] The present invention relates to medical devices, and in particular to 
prosthetic valve devices and methods of making such devices. 

BACKGROUND OF THE INVENTION 

[0002] By use of a closed circulatory system, animal bodies use many internal 
organs and vessels to transport fluids from one bodily location to another. 
Components of the circulatory system include the heart, blood vessels, and blood. 
The heart has valves (semilunar valves and atrioventricular valves) that regulate 
the flow of blood in the atria and the ventricles. Three examples of blood vessels 
are arteries, veins, and capillaries. Whereas arteries transport blood to organs 
throughout the body (i.e., away from the heart), veins carry blood back to the 
heart. Structurally, capillaries have an inner endothelium surrounded by a 
membrane, while arterial and venal walls have three layers: connective tissue 
forms the outer layer, while smooth muscle having elastic fibers forms the middle 
layer, and there is an innermost endothelium layer. Mammalian veins, such as 
human veins for example, have naturally occurring valves positioned along the 
length of the vessel. 

[0003] Mammalian valves, such as human venous valves for example, act as 
one-way check valves that open to permit the flow of fluid in a first direction (e.g., 
muscles contract, squeeze the veins, and the valves — flaps of tissue — keep blood 
moving toward the heart), and quickly close upon a change in pressure, such as a 
transition from systole to diastole or when muscles relax or stop contraction, to 
prevent fluid flow in a reverse direction, i.e., retrograde flow. 
[0004] While natural valves may function for an extended time, some may lose 
effectiveness, which can lead to physical manifestations and pathology. For 
example, venous valves are susceptible to becoming insufficient due to one or 
more of a variety of factors. Over time, the vessel wall may stretch, affecting the 
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ability of valve leaflets to close. Furthermore, the leaflets may become damaged, 
such as by formation of thrombus and scar tissue, which may also affect the ability 
of the valve leaflets to close. Once valves are damaged, venous valve 
insufficiency may be present and can lead to discomfort and possibly ulcers in the 
legs and ankles. 

[0005] Current treatments for venous valve insufficiency include the use of 
compression stockings that are placed around the leg of a patient in an effort to 
force the vessel walls radially inward to restore valve function. Surgical 
techniques are also employed in which valves can be bypassed or replaced with 
autologous sections of veins with competent valves. 4 
{0006] Minimally invasive techniques and instruments for placement of 
intraluminal medical devices have developed over recent years. A wide variety of 
treatment devices that utilize minimally invasive technology has been developed 
and includes stents, stent grafts, occlusion devices, infusion catheters and the like. 
Minimally invasive intravascular devices have especially become popular with the 
introduction of coronary stents to the U.S. market in the early 1990s. Coronary 
and peripheral stents have been proven to provide a superior means of maintaining 
vessel patency, and have become widely accepted in the medical community. 
Furthermore, the use of stents has been extended to treat aneurysms and to provide 
occlusion devices, among other uses. 

[0007] Therefore, it is desirable to have prosthetic valve devices for 
implantation in a body vessel as taught herein, and methods of making such 
devices. 

SUMMARY OF THE INVENTION 

[0008] A prosthetic valve device for implantation in a body vessel is provided. 
In one embodiment, the device comprises a main body with first and second ends 
and defines a lumen. The second end is inverted into the lumen. A valve is 
disposed at the second end and is adapted to permit fluid flow through the lumen 
in a first direction and substantially prevent fluid flow through the lumen in a 
second, opposite direction. 
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[0009] In another embodiment, a prosthetic valve device according to the 
invention comprises a main body with first and second ends and defines a lumen. 
The second end is inverted into the lumen. A first valve is disposed at the first end 
and a second valve is disposed at the second end. The first and second valves are 
individually adapted to permit fluid flow through the lumen in a first direction and 
substantially prevent fluid flow through the lumen in a second, opposite direction. 
[0010] In another embodiment, a prosthetic valve device according to the 
invention comprises a tubular main body with first and second ends. The main 
body defines a lumen. A valve is disposed at the second end and is adapted to 
permit fluid flow through a lumen in a first direction and substantially prevent 
fluid flow through the lumen in a second, opposite direction. The main body is 
attached to a support structure having proximal and distal ends. The proximal end 
of the support structure is disposed in the lumen of the main body, and the second 
end of the main body is inverted into the lumen of the main body, thereby 
enveloping the proximal end of the support structure. 

[0011] Methods of making prosthetic valve devices are also provided. In one 
embodiment, a method according to the invention comprises providing a main 
body having first and second ends and defining a lumen and inverting the second 
end into the lumen to form a valve. 

[0012] In another embodiment, a method according to the invention comprises 
providing a main body having first and second ends and defining a lumen. A 
valve is formed at the second end. The second end is inverted into the lumen. 
[0013] In another embodiment, a method according to the invention comprises 
providing a main body sheet having first and second edges. Inverting the main 
body intermediate the first and second edges to form a tubular body having first 
and second ends and defining a lumen and a valve. 

[0014] In another embodiment, a method according to the invention comprises 
providing a tubular main body having first and second ends and defining a lumen. 
A support structure having proximal and distal ends is provided. A valve is 
formed at the second end of the main body. The proximal end of the support 
structure is disposed in the lumen of the main body. The second end of the main 
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body is inverted into the lumen and envelopes the proximal end of the support 
structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] Figure 1 is a perspective view of an embodiment of a prosthetic valve 
device according to one embodiment of the invention. 
[0016] Figure 1 A is an alternative embodiment of a prosthetic valve device 
according to another embodiment of the invention formed from material 
comprising a sheet of main body. 

[0017] Figure IB is an alternative embodiment of a prosthetic valve device 
according to another embodiment of the invention formed from material 
comprising two sheets of main body. 

[0018] Figure 1C is an alternative embodiment of a prosthetic valve device 
according to another embodiment Of the invention comprising a taut valve. 
[0019] Figure ID is an alternative embodiment of a prosthetic valve device 
according to another embodiment of the invention comprising a loose valve. 
[0020] Figure 2 is a perspective view of a prosthetic valve device according to 
another embodiment of the invention comprising two valves. 
[0021] Figure 3 A is a perspective view, broken away, of a main body of a 
device according to the invention. 

[0022] Figure 3B is a perspective view of a main body of a device according to 
the invention with a valve disposed at one end. 

[0023] Figure 3C is a perspective view of the main body illustrated in Fig. 3B 
with a valve disposed at one end inverted into the lumen of the main body. 
[0024] Figure 3D is a schematic view of a main body sheet inverted to form a 
prosthetic valve device. 

[0025] Figure 3E is a schematic view of the main body of Figure 3D inverted 
to form a prosthetic valve device. 

[0026] Figure 4A is an end view of Fig. 2 with valves substantially in line. 
[0027] Figure 4B is an end view of an alternative embodiment of Fig. 2 with 
offset valves. 
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[0028] Figures 4C is an end view of an alternative embodiment of Fig. 2 with 
offset valves. 

[0029] Figure 5 is a longitudinal sectional view of various axial positions for a 
valve disposed at the inverted end of the main body. 

[0030] Figure 6A is a longitudinal sectional view of a support structure and 
inverted end of the main body, together with an optional additional support frame. 
[0031] Figure 6B is an alternative embodiment of a support structure and 
inverted end of the main body showing a valve positioned intermediate the 
proximal and distal ends of a support structure or in phantom extending beyond a 
distal end of the support structure. 

[0032] Figure 6C is a perspective view, broken away, of a support structure 
and inverted main body valve positioned intermediate the proximal and distal ends 
of a support structure and a valve positioned at the support structure distal end. 
[0033] Figure 6D is a three dimensional schematic view of an alternative 
embodiment of a support structure of Figures 6A, 6C, and 8B. 
[0034] Figure 7 is a longitudinal sectional view of a prosthetic valve device 
according to another embodiment of the invention. 

[0035] Figure 8A is a longitudinal sectional view of an embodiment with a 
valve positioned so as to extend beyond a distal end of a support structure. 
[0036] Figure 8B is a longitudinal sectional view of an embodiment with a 
valve positioned between proximal and distal ends of a support structure together 
with an optional second valve positioned at the support structure distal end. 
[0037] Figure 9 is a perspective view of a prosthetic valve device according to 
another embodiment of the invention. 

[0038] Figure 10 is a sectional side view of an embodiment with a valve 
having an opening to permit fluid flow in a second, opposite direction. 
[0039] Figure 1 1 is a partial view of an alternative embodiment with a valve 
having an opening to permit fluid flow in a second, opposite direction. 
[0040] Figure 12 is a block diagram illustrating a method of the invention. 
[0041] Figure 13 is a block diagram illustrating another method of the 
invention. 
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[0042] Figure 14 is a block diagram illustrating another method of the 
invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 

[0043] The present invention relates to medical devices, and in particular to 
prosthetic valve devices and methods of making such devices. For the purposes of 
promoting an understanding of the principles of the invention, the following 
provides a detailed description of embodiments of the invention as illustrated by 
the drawings as well as the language used herein to describe the aspects of the 
invention. The description is not intended to limit the invention in any manner, 
but rather serves to enable those skilled in the art to make and use the invention. 
As used herein the terms comprise(s), include(s), having, has, contain(s) and the 
variants thereof are intended to be open ended transitional phrases, terms, or words 
that do not preclude the possibility of additional steps or structure. 
[0044] As illustrated in Fig. 1, a prosthetic valve device of an embodiment of 
the present invention comprises a main body 1 1 having first and second ends 12, 
13 and defining a lumen 14, the second end 13 being inverted into the lumen 14. 
A valve 15 is disposed at the second end 13, and the valve 15 is adapted to permit 
fluid flow through the lumen in a first direction and substantially prevent fluid 
flow through the lumen in a second, opposite direction. 

[0045] Optionally (not shown), the main body 1 1 has a sinus at or near the site 
of a valve. A sinus is a bulging or bowing (e.g., a nominal increase in the inner 
diameter) of the main body at or near the site of a valve. A sinus optionally is 
utilized in an embodiment of a prosthetic valve device with or without a support 
structure (as support structure is defined later). 

[0046] Optionally, a prosthetic valve device includes one or more anchor 
points 16. The reference numeral for one anchor point 16 shown in Figures 1 and 
2 is located at or near the valve 15, but it should be understood that anchor point(s) 
may be placed at the other hash marks depicted in Figures 1 and 2, as well as other 
figures herein. There may be more or fewer anchor points, and not limited to the 
positions where the hash marks are represented in these figures. Also, the anchor 
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points can be anywhere from a valve orifice to a base of the pocket — in a valve 
configuration (e.g., a bicuspid configuration) for convenience of the reader the 
valve orifice and active leaflets move for passage of fluid downstream in the 
vessel and the base of the pocket is defined to be a portion of the valve positioned 
upstream of the valve orifice (i.e., axially speaking, if fluid flows distally, then the 
base of the pocket is proximal to the valve orifice). The anchor points help to 
control or prevent prolapse, which may include sliding and/or eversion of the 
valve, for example. Additionally, an anchor point if desired may optionally be 
configured to be capable of allowing some sliding and/or movement (e.g., some 
give and take) of adjacent surfaces and/or interfaces or the anchor point may be 
relatively taut. By way of example only, anchor point(s) may comprise any 
suitable means for anchoring, including but not limited to sutures, wires, crimping, 
band(s), adhesives, tissue welding, chemical cross-linking, heat source, light 
source, radiofrequency, lasering, or other energy source. As used herein, 
anchoring shall refer to and include joining, connecting, attaching, and holding by 
way of examples. 
[0047] MAIN BODY 

[0048] The main body 1 1 has a single layer, but may have multiple layers or 
even a varying number of layers along its length. Depending on the body vessel 
into which the device is implanted, the main body may be relatively straight or 
have a bend, curve, or angle to it The main body may be configured for a device 
to be implanted in body vessels of the circulatory system having a valve, as in the 
heart, blood vessels, vein, or capillary. The invention is not limited to vascular 
purposes, and should be understood as being of or relating to any vessel or organ 
for the conveyance, regulation, flow, or movement of bodily fluid of an animal. 
[0049] The main body may be made of any suitable material, such as 
connective tissue, fibers, or any suitable material (natural, synthetic, or 
combination thereof) that is pliable, strong, resilient, elastic, and flexible. The 
material should be biocompatible, or should be able to be made biocompatible, 
such as by coating, chemical treatment, or the like. Thus, in general, the material 
may comprise a synthetic biocompatible material that may include, for example, 
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cellulose acetate, cellulose nitrate, silicone, polyethylene teraphthalate, 
polyurethane, polyamide, polyester, polyorthoester, polyanhydride, polyether 
sulfone, polycarbonate, polypropylene, high molecular weight polyethylene, 
polytetrafluoroethylene, or mixtures or copolymers thereof, polylactic acid, 
polyglycolic acid or copolymers thereof, a polyanhydride, polycaprolactone, 
polyhydroxy-butyrate valerate, polyhydroxyalkanoate, or another polymer able to 
be made biocompatible. 

[0050] In certain embodiments of the invention, the material is comprised of a 
naturally derived or synthetic collagenous material, for instance, an extracellular 
matrix material. Suitable extracellular matrix materials include, for instance, 
submucosa (including for example small intestine submucosa (SIS), stomach 
submucosa, urinary bladder submucosa, or uterine submucosa), renal capsule 
membrane, dura mater, pericardium, serosa, peritoneum or basement membrane 
materials, including liver basement membrane. Extracellular collagen matrices 
(ECM) such as SIS or other types of submucosal-derived tissue may have a 
remodelable quality that can be used as scaffolding to induce the growth and 
proliferation of neurological related tissues and to serve as a matrix for the 
regrowth of native tissues over time, which tissue may be referred to as tissue 
derived from ECM or SIS, or may be cross linked to affect the degree of 
remodelability. The material used herein may be made thicker by making 
multilaminate constructs. These layers may be isolated and used as intact natural 
sheet forms, or reconstituted collagen layers including collagen derived from these 
materials or other collagenous materials may be used. For additional information 
as to submucosa materials useful in the present invention, and their isolation and 
treatment, reference can be made to U.S. Patent No. 6,206,931, which is hereby 
incorporated by reference in its entirety. 

[0051] The main body may be formed by extrusion. Also, sheets of material 
may be stamped and then used to form the main body. For example, the main 
body may be formed by rolling a single sheet's edges toward each other and then 
joining them by any suitable means for joining, such as sewing, adhesives, wires, 
tissue welding, chemical cross-linking, heat source, light source, radiofrequency, 
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lasering, or other energy source. As used herein, joining shall refer to and include 
connecting, attaching, anchoring, and holding by way of examples. Alternatively, 
the main body may be formed from two sheets, wherein edges (e.g., sides) from a 
first sheet are joined to edges from a second sheet by the aforesaid means for 
joining. Similarly, the main body may be formed from several sheets. 
[0052] For example, the embodiments of prosthetic valve devices as shown in 
Figures 1 and 2 are made from a tube of main body 1 1 . Optionally, the device 
may be made from a single substantially flat sheet of main body 1 1 joined together 
as shown in Figure 1 A. Another embodiment of the device is made from two 
substantially flat sheets of main body 1 1 1 and 1 1" joined together as depicted in 
Figure IB. In Figures 1A and IB, the means for joining the sheet(s) of main body 
include but are not limited to sutures, wires, crimping, band(s), adhesives, tissue 
welding, chemical cross-linking, heat source, light source, radiofrequency, 
lasering, or other energy source. Also, those means for joining the sheets may also 
serve as anchor points 16. Embodiments comprising one or more sheets of main 
body material, such as Figures 3D and 3E, are discussed below and incorporated 
herein by reference. 
[0053] LUMEN 

[0054] As shown in Figure 1, the main body 1 1 may be generally tubular. As 
used herein, the term "tubular" includes any tube-like, cylindrical, round, oblong,- 
or elongated structure that includes a lumen 14. Depending on the vessel into 
which the device is to be implanted, the main body may comprise other 
configurations having a lumen 14, as when the cross-sectional view is generally 
square, rectangular, ovulate, triangular, or crescent as specific but non-limiting 
examples of embodiments that include a lumen 14. The lumen 14 is understood to 
be any chamber, channel, opening, bore, orifice, flow passage, passageway, or 
cavity. 

[0055] The inner diameter of the lumen need not be constant. For example, the 
main body 1 1 optionally has a sinus (not shown) at or near the site of a valve, 
whereby there is a bulging or bowing (e.g., a nominal increase in the inner 
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diameter) of the main body and/or lumen at or near the site of a valve. 
[0056] VALVE 

[0057] A valve 15 may comprise flap(s), fold(s), or leaflet(s). The valve can 
be formed from the main body 1 1 at one end by any suitable means for forming, 
including adhesives, tissue welding, wires, crimping, bands, chemical cross- 
linking, heat source, light source, radiofrequency, lasering or other energy source, 
sewing main body 1 1 material onto itself, molding and shaping it onto a mandrel, 
snipping it to define a valve, sewing it to a support member 40 (described below) 
that places the main body 1 1 material into a valve configuration. Additionally, 
where two sheets forming the main body are rectangular, corners may be cut away 
before joining the edges (e.g., sides) of the sheets. 

[0058] Anchor points (as previously described) may be utilized to maintain 
valve stability by controlling prolapse. Also, the valve can be attached either to 
the main body or to the support member. Attachment may be carried out by any 
suitable means for attaching, such as sewing, adhesives, wires, crimping, bands, 
tissue welding, chemical cross-linking, heat source, light source, radiofrequency, 
lasering, or other energy source for attaching the valves to the main body. As used 
herein, attaching shall refer to and include joining, connecting, anchoring, and 
holding by way of examples. Optionally, the valve material may be made (or 
capable of being made) sufficiently pliable yet strong and rigid enough to control 
prolapse. 

[0059] Figures 1 and 2 show a main body having first and second ends 12, 13 
and a valve 15 positioned at the second end 13, and Figure 2 further shows 
disposing a valve 15' at the first end 12. The orifice of the valves may be changed 
(reduced or increased) depending on whether a taut or loose valve is desired. A 
taut or a loose valve may be utilized for one or more of the valves in the 
embodiment such as Figure 2 (i.e., in a configuration with two valves, one of the 
valve orifices could be taut while the other may be loose or they could be the 
same). Figure 1C is a cross-sectional view of an embodiment of Figure 1 having a 
taut leaflet 15. Figure ID is a cross-sectional view of an embodiment of Figure 1 
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having a loose leaflet 15._Therefore, wherever a valve is illustrated in the other 
figures, it should be understood that the valve may be taut or loose. 
[0060] FLUID FLOW 

[0061] Valves are configured to convey, regulate, restrict, or facilitate the flow 
of bodily fluid by opening and closing temporarily a lumen to permit the 
movement of fluid through the lumen in a first direction and substantially prevent 
fluid flow through the lumen and a second, opposite direction. As shown in 
Figure 10, valve opening results from muscle contraction, systole, or pressure 
created by the flow of fluid exerting force on an inner face 21 of the valve, thereby 
forcing the valve 15 open toward the vessel wall 25. In the closed position, the 
valve 15 substantially prevents fluid flow in a second, opposite direction 24. 
Valve closing may result from the muscle relaxation, diastole, or a pressure 
change, in which case the flow of fluid exerts a force 26 on an opposite face 22 of 
the valve, thereby forcing the valve 15 away from vessel wall 25 and across the 
lumen of the vessel 27. In the closed position, the valve 15 may also be 
configured, as with an opening 28 for example, to permit a relatively small 
quantity of fluid 29 to flow in a second, opposite direction when the valve is in a 
closed position without turning inside out. 

[0062] As shown in Figures 10 and 1 1, embodiments of the device may be 
adapted to permit fluid flow in a second, opposite direction 29 that is referred to as 
retrograde flow. In Figure 10, in the open position, a valve 15 permits fluid flow 
in a first direction 23, but an opening 28 is adapted to permit retrograde flow 29. 
Figure 1 1 is an alternative embodiment of a prosthetic valve device 10 allowing 
retrograde flow 29 by forming an opening 30 in the valve 15 to provide a 
passageway 31 through which a small retrograde flow 29 can pass. 
[0063] By moving between open and closed positions, the valve 15 allows the 
regulation of fluid flow through the vessel lumen 27 by providing a valving 
function. Embodiments of the prosthetic valve device may include a prosthetic 
venous valve. However, the device 10 could be used for purposes other than 
vascular purposes. 
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[0064] MULTIPLE VALVES 

[0065] Embodiments may have one or more valves. 

[0066] Figure 2 shows a perspective view of an embodiment of a device with 
more than one valve 15 and 15' formed from the main body 11. Figure 2 is similar 
to Figure 1 except that valves are disposed at both the first and second ends 12, 13. 
[0067] Figure 9 shows an embodiment of a device having valves 15 and 15' 
disposed at the first 12 and second 13 ends of the main body by attachment 17 
such as sewing, adhesives, wires, tissue welding, chemical cross-linking, heat 
source, light source, radiofrequency, lasering, or other energy source. 
Embodiments may also include a combination having both an attached valve and a 
valve formed from the main body. 

[0068] As shown in Figures 4A, 4B, and 4C, when embodiments have multiple 
(e.g., two or more) valves, the valves may be substantially in line, offset, or a 
combination thereof. Figure 4A is an end view of an embodiment in accordance 
with Figure 2. Figure 4A illustrates in line valves, which are substantially in a 
common plane or parallel. In other words, in an end-on view of two in line valves, 
the valve 32 (proximal) is upstream of the fluid flow first direction. The proximal 
valve 32 eclipses or approximately eclipses the valve 33 that is downstream 
(distal) to the fluid flow. 

[0069] Figures 4B and 4C illustrate alternative embodiments of Figure 2 
where, in contrast to substantially in line valves, the valves 32, 33 are angularly 
offset, such as 90° offset from the plane of the other or offset between 0° and 90°. 
In other words, in an end-on view of two offset valves, the proximal 32 and distal 
33 valves would be in a gauche (or staggered) conformation. 
[0070] For devices with valves that are offset, substantially in line, or a 
combination, one or more of the multiple valves 15 individually may be adapted 
with an opening 28, for example, to permit a relatively small quantity of fluid 29 
to flow in a second, opposite direction. A prosthetic valve device with multiple 
valves may include a prosthetic venous valve. 
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[0071] INVERTING 

[0072] Figures 3A-3C show embodiments being formed by inversion. Figure 
3A has a main body 1 1, a first end 12 and a second end 13, and a lumen. Figure 
3B shows an embodiment similar to Figure 3 A except that it includes a valve 15 
formed at the second end 13 before inversion. Figure 3C is an embodiment 
similar to Figure 3B except the second end 13 (before or after valve 1 5 formation) 
is being inverted in the direction of the arrows 34 into the lumen 14. It should be 
understood that Figures 3A-3C need not be performed sequentially. For instance, 
the manufacture of a prosthetic valve device may omit the step illustrated in 
Figure 3B and, instead, go from Figure 3A to 3C whereby the valve 15 formation 
occurs during or after inverting the main body. The valve may be created by the 
inherent geometry of the inverted tube, or a secondary process after inversion by 
any suitable means for forming a valve such as molding, altering geometries, by 
vacuum pressing, or by attachment of a valve. 

[0073] Inverting 34 describes the structure or step by which material such as 
one of the first and second ends 12, 13 of the main body is infolded (e.g., tucked, 
folded inward, turned outside in, rolled inward, folded toward the inside of the 
tubular structure, inverted into the lumen, inserted into the lumen, or otherwise 
gathering and securing material in these described directions). In other words, the 
outer surface 35 of a portion of the second end 13 of the main body 1 1 will be 
inside the lumen 14, where a portion of the inverted material forms a second, inner 
wall 36. 

[0074] Figures 3D and 3E are schematics of embodiments being formed by 
inversion of a main body sheet material 1 1 to form a prosthetic valve device. The 
main body sheet 1 1 of these embodiments may be made of any suitable material 
listed above, such as SIS for example, and includes first and second edges 11', 
1 1". The main body is shown as rectangular, but it could be other dimensions 
including but not limited to circular butterfly or oval or the like, thereby making it 
clear to include a main body sheet having a continuous circumference whereby 
opposing sections are defined as first and second edges 1 1', 11". 
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[0075] The main body 1 1 of the embodiments of Figures 3D and 3E has a 
middle portion 13 (intermediate portion) that is intermediate the first and second 
edges 11', 11". The section of the main body called the intermediate portion 13 is 
for the convenience of the reader viewing the drawings such that the term 
"intermediate" is intended to mean between, though not necessarily equidistant to, 
the first and second edges 11', 11". As shown in Figure 3D, a sheet of main body 
11 optionally have apre-formed slit 18 and optional intents 19. 
[0076] Inverting (as shown by the arrow 51 in Figure 3D) the intermediate 
portion 13 of the main body and folding (as shown by the arrows 52 in Figure 3E) 
the first and second edges 1 1', 1 1" forms a tubular body as previously defined 
having a valve (not shown). For example and not by way of limitation, the 
intermediate portion 13 is positioned on a form 50 for inversion into a frame 40 in 
Figure 3D, which frame can be any mold, tubular apparatus, or support structure 
40 (as support structure is defined below), and the first and second edges 11', 11" 
are folded 52 as shown in Figure 3E and joined (not shown in Fig. 3D but 
illustrated in Fig. 3E) by any suitable means for joining, such as anchor points 16 
or attachment 17 as previously described, including but not limited to sewing, 
adhesives, wires, bands, tissue welding, chemical cross-linking, heat source, light 
source, radiofrequency, lasering, or other energy source. Alternatively, the main 
body may be formed from two or more sheets as previously described, including 
but not limited to comprising rectangular, circular, butterfly, oval or other 
configurations of a main body sheet material or combination thereof. 
[0077] The slit 1 8 of Figure 3D, which may be formed by an incision or a 
cutout of the main body 1 1 before or after inversion, when assembled may yield a 
relatively taut or loose valve as desired. Figure 3E is a schematic view of the main 
body 1 1 of Figure 3D at a further step of assembly. Using inversion as shown in 
Figures 3D and 3E, a taut or loose orifice can be obtained. An alternate 
embodiment of the main body 1 1 may be without intents 19 so as to yield a looser 
valve (not shown), which is just one of many examples of creating a looser valve. 
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[0078] Referring to the device shown in Figure 5, the second end 13 may be 
inverted to various axial lengths .37 within the lumen 14, resulting in valves at 
different points along the length of the device 10. Figure 5 shows that a valve may 
be at the midpoint 38 of the main body or biased on either side 39 of the midpoint. 
In order to control prolapse, the valves 15 and 15' may be anchored to the main 
body 1 1 by anchor points 16 (not shown, but discussed above), may comprise 
material that may be made (or capable of being made) sufficiently pliable yet 
strong and rigid enough to control prolapse, may be anchored to the vessel, or may 
be anchored to the support structure discussed next. 
[0079] SUPPORT STRUCTURE 

[0080] The prosthetic valve device 10 may include a support structure 40 (such 
as a stent, by way of example only). The specific support frame chosen will 
depend on numerous factors, including the vessel in which the device is being 
implanted, the axial length of the treatment site, the number of valves desired, the 
inner diameter of the vessel, the delivery method for placing the support frame and 
valve, and others. Those skilled in the art can determine an appropriate support 
frame based on these various factors. Furthermore, the inner diameter of the 
support structure need not be constant. For example, the support structure 
optionally has a sinus (not shown) at or near the site where a valve will be placed, 
whereby there is a bulging or bowing (e.g., a nominal increase in the inner 
diameter) of the support structure at or near the site of a valve. 
[0081] The support structure can be made of any suitable biocompatible 
material, or should be able to be made biocompatible and/or biocompatible such as 
by coating, chemical treatment, or the like. Optionally, the support structure 
material may be bioabsorbable or able to be made bioabsorbable. Examples of 
suitable materials include, without limitation, stainless steel, nickel titanium (NiTi) 
alloys, e.g., nitinol, other shape memory and/or superelastic materials, polymers, 
and composite materials. Stainless steel and nitinol are particularly preferred 
materials due to their biocompatibility and shapeability. A support structure 40 
can be any structure adapted to provide support to the main body. For example, 
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the cross-section of the support structure 40 may be circular, square, rectangular, 
triangular, crescent, oval, T-shaped, U-shaped, or any configuration to 
accommodate the main body defining a lumen. Suitable support structures can 
also have a variety of other configurations, including tubular, braided strands, 
helically wound strands, ring members, consecutively attached ring members, and 
frames cut from solid tubes. 

[0082J Figure 6A shows an embodiment comprising a support structure 40 
having proximal and distal ends 41, 42. The support structure 40 may be adapted 
to provide support to the main body 11. Figure 6B is an alternate embodiment of 
Figure 6A showing that a valve disposed at the second end of the main body may 
be positioned at various locations with respect to the distal end 42 of the support 
structure 40. For instance, viewing Figure 6B from left to right, there are two 
alternative positions of the valve 15 formed at the second end: It may be between 
proximal and distal ends 41, 42' of the support structure (shown as the left valve) 
or it may be distal to the distal end 42' of the support structure (shown as the valve 
in phantom). In addition, the distal end 42' of the support structure 40 may be 
extended to the right of the current 42* toward the first end. Figure 6C shows an 
embodiment having a first valve 15 positioned intermediate the proximal and 
distal ends 41, 42' of the support structure and a second valve 15' disposed at the 
first end of the main body. Figure 6D is three dimensional schematic view of a 
support structure 40 for the embodiment of Figures 6A, 6C, and 8B. The support 
structure has optional anchor points 16. 

[0083] The main body may be disposed adjacent to the support structure 
without being attached. If attached, then attachment of the support structure 40 
and the main body 1 1 may be attached, as illustrated in Figures 6A-6C, at 
attachment points 70 (and/or via anchor points 16 as previously described). 
Various illustrative locations for attachment points 70 are shown in Figures 6A-C, 
but it should be understood that these are only illustrations. The valve, main body, 
and/or first or second ends of the main body may be attached to the support 
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structures at other attachment points 70, and each attachment point 70 may 
represent one or multiple attachment points. 

[0084] Attachment of the support structure 40 and the main body 1 1 may be 
carried out by any suitable means, including but not limited to sewing, adhesives, 
wires, bands, crimping, tissue welding, chemical cross-linking, heat source, light 
source, radiofrequency, lasering, or other energy source. As an alternative to 
attachment, it should be understood that attachment points 70 (and/or via anchor 
points 16 as previously described) may be omitted at, for example, the valve apex 
if the valve is sufficiently pliable yet strong and rigid enough to prevent an 
accordion effect — inverting or everting, sliding, prolapse — of the valve and main 
body material. 

[0085] Figure 6A further shows an optional additional support frame 44. A 
connection member 60 (including but not limited to sutures, wires, staples, 
crimping, band(s), and/or adhesives, or if the main body is protected by a sheath or 
template, then lasering, welding, or other energy source) could be used to connect 
the optional support frame 44 to the support structure 40, or to the apex of the 
valve 15 of the first end of the main body, or to the first end of the main body. 
The optional support frame 44 prevents collapse of the support structure when 
pressurized and provides leaflet protection. 

[0086] Figure 7 shows a longitudinal (side) view of the proximal end of an 
embodiment of Figures 6A, 6B, or 6C. Figure 7 shows the relationship between 
the support structure and the main body, which is now explained. 
[0087] As shown in Figure 7, the proximal end of the support structure 40 may 
be enveloped by a portion of the main body 1 1 in that the main body 1 1 is 
disposed internal and external 47, 46 to the support structure 40. Therefore, the 
support structure 40 exerts a radially outward force 48 on the main body 1 1 and on 
the interior surface 49 of the vessel wall 25. 

[0088] Figures 8A and 8B should be understood as showing, where an 
embodiment has a support structure and only one valve, that one valve 15 may be 
positioned intermediate the proximal 41 and distal 42 ends of the support structure 
as in Figure 8B, or extending beyond the distal end 42 of the support structure as 



WO 2005/011534 



18 



PCT/US2004/024730 



in Figure 8 A. Figure 8 A further shows that a valve 15 may be distally extended 
beyond a distal end 42 of a support structure 40 (and optional anchor points 16 
near the valve orifice are utilized to control prolapse), whereas a valve 15 shown 
in an embodiment depicted in Figure 8B is positioned between the proximal and 
distal ends 41, 42 of a support structure 40. As shown in Figure 8B, a second 
valve 45 (in phantom) may be formed at the first end of the main body 11, where 
the first and second valves 15, 45 are either angularly offset or substantially in 
line. (Attachment points 70 are not shown but are present in Figures 7, 8A, and 
8B). 

METHODS 

[0089] The invention also comprises methods of making prosthetic valve 
devices for implantation in a body vessel. 

[0090] Figure 12 is a block diagram of a method of manufacturing a prosthetic 
valve device. A tubular main body 1 1 is provided (step 101) having first and 
second ends and defining a lumen. The second end is inverted (step 102) into the 
lumen to form a valve before, during, or after inversion. In the alternative, a sheet 
of main body 1 1 is provided (step 101), as described above relating to Figures 3D 
and 3E and which discussion is incorporated by reference, having first and second 
ends. The sheet of main body 11 optionally may have apre-formed slit 18 and 
optional intents 19 as described above. The main body intermediate the first and 
second ends is inverted (step 102) to form a tubular body having a lumen and a 
valve. For example only and not by way of limitation, step 102 may be performed 
by placing the main body over a form 50 for inversion and joining the edges of the 
main by any suitable means such as anchor points 16 or attachment 17 as 
previously described. 

[0091] As shown in Figure 13, an alternative method 100A of making a 
prosthetic valve device is provided. In one embodiment, a main body having first 
and second ends and defining a lumen is provided (step 101). A valve at the 
second end of the main body is formed (step 102). The second end of the main 
body is inverted into the lumen (step 103). In an alternative method, a valve may 
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be formed at the first end (step 102); as a further alternative method, forming a 
valve includes attaching a valve to the main body (step 102). 
[0092] As shown in Figure 14, an alternative method 100B of making a 
prosthetic valve device may include providing a support structure. This method is 
similar to the method of Figure 13. In addition, a method in accordance with 
Figure 14 includes providing a support structure having proximal and distal ends 
(step 104). Figure 14 further includes disposing the proximal end of the support 
structure in the lumen of the main body (step 105). Inverting the second end of 
the main body to the lumen envelopes the proximal end of the support structure 
(step 103). 

[0093] A method of making a prosthetic valve device may include forming 
multiple valves from the main body (step 102). For example, a valve may be 
formed at the first and second ends of the main body (step 102). Alternatively, it 
should be understood that forming as used in the method may include attaching 
one or more valves (step 102). 

[0094] A method of making a prosthetic valve device does not need to be 
performed sequentially. In Figures 13 and 14, for example, a first or second end 
of the main body may be inverted (step 103) before a valve is formed (step 102) 
internal to the main body, or the valve may be formed (step 102) before inversion 
(step 103). Also, when a support structure is provided (step 104), the valve could 
be formed (step 102) before or after disposing (step 105) the support structure in 
the lumen of the main body. Alternatively in a method that includes a support 
structure, the second end of the main body could be inverted (step 103) before or 
after the support structure is disposed (step 105) in the lumen of the main body 
and its proximal end is enveloped by the second end of the main body. 
[0095] Figures 3 A through 3C, by way of example only, show an embodiment 
of a prosthetic valve device made in accordance with one method. Figure 3 A 
illustrates providing a main body 1 1 having first and second ends 12, 13 and 
defining a lumen 14 (step 101). Figure 3B shows a valve 15 is formed at the 
second end 13 (step 102). Figure 3C is an embodiment similar to Figure 3B 
except the second end 13 (before or after valve 15 formation (step 102)) is being 
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inverted in the direction of the arrows 34 into the lumen 14 (step 103). Although 
Figures 3A-C are discussed, this description is by example only and is not to be 
limiting. Other embodiments of prosthetic valve devices may be made by the 
methods taught herein, such as providing a support structure, disposing the support 
structure in the lumen of the main body, and/or forming multiple valves, which are 
shown in the other figures contained herein. 

[0096] Figures 3D and 3E, also by way of example only, show an embodiment 
of a prosthetic valve device made in accordance with one method. A method of 
forming a prosthetic valve device includes providing (step 101) a sheet of main 
body 1 1 material having first and second ends. The sheet of main body 1 1 
optionally may have a pre-formed slit 18 and optional intents 19 as described 
above. The main body intermediate the first and second ends is placed about a 
form 50 (step 102) to shape into a tubular body having a lumen and a valve. The 
edges of the main body are joined (step 103) by any suitable means such as anchor 
points 16 or attachment 17 as previously described. 

[0097] It is intended that the foregoing detailed description of the prosthetic 
valve devices and methods of making such devices be regarded as illustrative 
rather than limiting, and that it be understood that it is the following claims, 
including all equivalents, that are intended to define the spirit and scope of this 
invention. Therefore, the embodiment of any figure and features thereof may be 
combined with the embodiments depicted in other figures. Other features known 
in the art and not inconsistent with the structure and function of the present 
invention may be added to the embodiments. 
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WE CLAIM: 

1. A prosthetic valve device for implantation in a body vessel, 
comprising: 

a main body having first and second ends and defining a lumen, the second 
end being inverted into the lumen; and 

a valve disposed at the second end, the valve adapted to permit fluid flow 
through the lumen in a first direction and substantially prevent fluid flow through 
the lumen in a second, opposite direction. 

2. The device of claim 1 wherein the main body comprises an 
extracellular matrix. 

3. The device of claim 1 wherein the main body comprises submucosa. 

4. The device of claim 1 wherein the main body comprises a synthetic 
material 

5 . The device of claim 1 wherein the main body comprises a polymeric 
material. 

6. The device of claim 1 further comprising a support structure 
adapted to provide support to the main body, the support structure having 
proximal and distal ends. 

7. The device of claim 6 wherein the valve is positioned axially 
between the proximal and distal ends of the support structure. 

8. The device of claim 6 wherein the valve is axially positioned 
external to the distal end of the main body. 
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9. The device of claim 1 wherein the valve comprises an opening that 
permits a controlled amount of fluid flow through the lumen in the second, 
opposite direction. 

10. The device of claim 1 further comprising an anchor point attaching 
the valve and the main body. 

1 1. The device of claim 1 wherein the valve has an orifice with an inner 
diameter and the main body lumen has an inner diameter, and wherein the valve 
orifice inner diameter is smaller than the inner diameter of the main body lumen. 

12. A prosthetic valve device for implantation in a body vessel, 
comprising: 

a main body having first and second ends and defining a lumen, the second 
end being inverted into the lumen; and 

a first valve disposed at the first end and a second valve disposed at the 
second end, the first and second valves individually adapted to permit fluid flow 
through the lumen in a first direction and substantially prevent fluid flow through 
the lumen in a second, opposite direction. 

13. The device of claim 12 wherein the main body comprises an 
extracellular matrix. 

14. The device of claim 12 wherein the main body comprises 
submucosa. 

15. The device of claim 12 further comprising a support structure 
adapted to provide support to the main body, the support structure having 
proximal and distal ends. 

1 6. The device of claim 12 wherein one of the first and second valves is 
axially positioned between the proximal and distal ends of the support structure. 
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17. The device of claim 12 wherein one of the first and second valves is 
axially positioned at or near the distal end of the support structure. 

18. The device of claim 12 wherein the first and second valves are 
substantially in line. 

19. The device of claim 12 wherein the first and second valves are 
angularly offset. 

20. The device of claim 12 wherein one of the first and second valves 
comprises an opening that permits a controlled amount of fluid flow through the 
lumen in the second, opposite direction. 

21. The device of claim 12 further comprising an anchor point attaching 
one of the first and second valves and the main body. 

22. The device of claim 12 wherein the valve has an orifice with an 
inner diameter and the main body lumen has an inner diameter, and wherein the 
valve orifice inner diameter is smaller than the inner diameter of the main body 
lumen. 

23. A prosthetic valve device for implantation in a body vessel, 
comprising: 

a tubular main body having first and second ends and defining a lumen; 

a valve disposed at the second end, the valve adapted to permit fluid flow 
through the lumen in a first direction and substantially prevent fluid flow through 
the lumen in a second, opposite direction; and 

a support structure having proximal and distal ends, the proximal end 
disposed in the lumen of the main body, the second end of the main body inverted 
into the lumen and enveloping the proximal end of the support structure. 
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24. The device of claim 23 wherein said prosthetic valve device 
comprises a prosthetic venous valve. 

25. A method of making a prosthetic valve device, comprising: 
providing a main body having first and second ends and defining a lumen; 

and 

inverting the second end into the lumen to form a valve. 

26. A method of making a prosthetic valve device, comprising: 

providing a main body sheet having first and second edges; and 

inverting the main body intermediate the first and second edges to form a 
tubular body having first and second ends and defining a lumen and a valve. 

27. A method of claim 26 further comprising joining the main body 
sheet to form the tubular body. 

28. A method of making a prosthetic valve device, comprising: 
providing a main body having first and second ends and defining a lumen; 
forming a valve at the second end; and 

inverting the second end into the lumen. 

29. The method of claim 28 further comprising disposing the main body 
adjacent to a support structure having proximal and distal ends. 

30. The method of claim 29 further comprising axially positioning the 
valve between the proximal and distal ends of the support structure. 

3 1 . The method of claim 29 further comprising axially positioning the 
valve positioned at or near the distal end of the support structure. 
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32. The method of claim 28 further comprising forming a second valve 
at the first end of the main body. 

33. The method of claim 32 further comprising disposing the second 
valve substantially in line to the first valve. 

34. The method of claim 32 further comprising disposing the second 
valve offset to the first valve. 

35. A method of making a prosthetic valve device, comprising the steps 

of: 

providing a tubular main body having first and second ends and defining a 

lumen; 

providing a support structure having proximal and distal ends; 

forming a valve at the second end of the main body; 

disposing the proximal end of the support structure in the lumen of the 
main body; and 

inverting the second end of the main body to the lumen and enveloping the 
proximal end of the support structure. 
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